Abstract-In this paper, the large family of generalized Kasami sequences has been studied. In particular, the cross-correlation distribution among these sequences has been explicitly calculated. Meanwhile, the weight distributions of two classes of cyclic codes could also be determined. This paper generalizes the results from several previous papers.
I. INTRODUCTION

B
ASIC results on finite fields could be found in [9] . The following standard notations are fixed throughout this paper except for specific statements.
• Let be an even integer, , and .
• Let be the finite field of order be the set consisting of nonzero element, and be the trace mapping for .
• Let be a positive integer, and . Let and , and .
• Let be a primitive element of . For binary cyclic code with length , let be the number of codewords in of Hamming weight . The weight distribution is an important research object for both theoretical and application interests in coding theory. Classical coding theory reveals that the weight of each codeword can be expressed by exponential sums so that the weight distribution of can be determined if the corresponding exponential sums can be calculated explicitly (see [3] , [4] , [5] , [6] - [8] , [11] , [12] , [14] , [15] , [17] , [18] , [19] , [20] , [21] , and references therein).
In general, let be the binary cyclic code with length , and parity-check polynomial where are distinct irreducible polynomials in with some degree , then . Let be a zero of . Then, the codewords in can be expressed by where . This representation of is not unique. Therefore, the Hamming weight of the codeword is (1) where , and
In this way, the weight distribution of cyclic code can be derived from the explicit evaluating of the exponential sums Let , and be the minimal polynomials of and over , respectively. Then for and
Let and be the binary cyclic codes with length and parity-check polynomials and , respectively. As a consequence, we have ( , resp.) is the dual of the binary cyclic code whose zeroes include and ( and , resp. 
It is easy to verify that the sequences in are all cyclic inequivalent and maximal with size . Several particular cases of the cyclic code or the related sequences collection have been investigated.
• The binary code with is nothing but the classical Kasami code; see [6] .
• As for the binary code with , its minimal distance is obtained by Lahtonen [10] and Moreno and Kumar [16] . Its weight distribution is determined eventually in [18] .
• For the case if is odd, or if is even, the binary code and the related family of generalized Kasami sequences have been studied; see [22] . In this paper, we generalize all the above cases to arbitrary in a unified way. The main tools are quadratic form theory over finite fields of characteristic 2, some moment identities on and , and a class of Artin-Schreier curves. The following new techniques will be developed in the sequel.
• In this paper, we consider quadratic forms on (see Lemma 1) rather than on in [6] , [10] , [16] , [18] , and [22] . Combining with the fact that the rank of the quadratic form over is even, we could dramatically reduce the number of possible values of and which makes the number of moment identities exactly match that of possible values.
• The quadratic form over (see Lemma 1) is quite different from that over for being odd prime (see [4] and [11, Lemma 1] ) since, in the case of odd prime characteristic, the associated matrix is symmetric comparing to nonsymmetric in the case of characteristic 2. Then, in the case of characteristic 2, the exponential sums have one more possible value 0 which never occur in the case of odd prime characteristic if the matrix is not full-rank. This difference increases the difficulty to find the distribution of the exponential sums in the case characteristic 2.
• In [18] , several profound methods on algebraic geometry have been introduced to study the case . Unfortunately, we do not know how to generalize these methods to arbitrary . To cover this shortage, we introduce a class of Artin-Schreier curves (see Lemma 5) to determine the values of directly (see Lemma 6) . As our best knowledge, this technique improves the result in [2] and has not been introduced before. This paper is presented as follows. In Section II, we introduce some preliminaries and give auxiliary results. In Section III, we will give the value distribution of for and the weight distribution of . In Section IV, we will determine the value distribution of , the correlation distribution among the sequences in , and then the weight distribution of . Most proofs of lemmas and theorems are presented in Appendixes I-III. The nonbinary case has been studied in [13] . However, the results in this paper and [13] can not be written in a unified way since the quadratic form theory over finite fields in characteristic 2 is much different from that in odd characteristic.
II. PRELIMINARIES
We follow the notations in Section 1. The first machinery to determine the values of exponential sums defined in (3) is quadratic form theory over . Proof: See Appendix I.
Remark:
The counterpart of odd prime characteristic case (see [11, Lemma 1] ) in more precise, in which the value 0 will never occur if .
The following result (see [18] ) will be used in Section IV. 
A special case of the subsequent result has been proven in [22] . Remark: Careful readers may find that in the proof of this lemma, our treatment is more general than that in [2, Th. 5.2]. If we apply the method in [2] directly, the case must be excluded which will make our result incomplete. Now we give an explicit evaluation of in the case . Remark: Applying Lemma 6 to Lemma 5, we could determine the number of rational points on the curve (10).
III. EXPONENTIAL SUMS AND CYCLIC CODE
In this section, we prove the following results. Theorem 1: The value distribution of the multiset and the weight distribution of are shown as follows (column 1 is the value of , column 2 is the weight of , and column 3 is the corresponding multiplicity). 
IV. RESULTS ON CORRELATION DISTRIBUTION OF SEQUENCES
AND CYCLIC CODE Recall in the proof of Lemma 3 and in the proof of Theorem 1. Finally, we will determine the value distribution of , the correlation distribution among sequences in defined in (5) , and the weight distribution of defined in Section I.
The following lemma, which has been stated for the case odd in [21] , is also valid for .
Lemma 7:
i) The sequences in are all maximal with period . ii) For any given , when runs through , the distribution of is the same as . iii) For any given , when runs through , the distribution of is the same as . iv) Suppose or is even. If runs through , then runs through the sequences in exactly times.
We are now ready to give the value distribution of and weight distribution of . , we determine the correlation distribution among a family of sequences, and the weight distributions of the cyclic codes and . We hereby compare the results of this paper with those in [13] .
• The most interesting thing is that in the case , the results in this paper can be generalized to the nonbinary case easily (see [13] ); but in the case , they are quite different.
• In the nonbinary case, the cyclic codes and can be defined on with any . But in the binary case, we have trouble to determine the weight distributions of the cyclic codes and defined on when .
• The family size of the sequence family in the nonbinary case is a little less than that in the binary case ( or ) since the sequences in and are not maximal in the nonbinary case. However, we could study the correlation distribution of sequences with different length if we take or/and into consideration in the nonbinary case.
APPENDIX I
Proof of Lemma 1: We can calculate
The inner sum is zero unless . Define
Then, the map (11) is an additive group homomorphism. The following lemma has been proven in [1] , [21] , and [22] . We will repeat part of the proof to make the paper more selfcontained. 
Solving the system of equations consisting of (27)-(29) yields the result.
The weight distribution of is derived from the value distribution of and (20) . 
APPENDIX III
